Iron doped mixed alkali cadmium phosphate (LiNaCdP) glasses of the following chemical composition xLi2O + (20-x)Na2O + 20CdO + 59.5P2O5 + 0.5Fe2O3 (5 < x < 15) were prepared by melt quenching technique to study the mixed alkali eect. To manifest the mixed alkali eect, electron paramagnetic resonance and optical absorption studies were carried out at room temperature for these phosphate glasses. The physical and optical properties of these glasses have been evaluated. The results accomplished for the present glass system point out the presence of mixed alkali eect for x = 10.
Introduction
In oxide glasses mixing of two dierent alkali contents results in mixed alkali eect [1, 2] . When the concentrations of the two alkali cations are mottled by keeping total xed concentration of alkalis, a remarkable expedition from linearity was observed in electrical conductivity, viscosity, thermal properties and chemical durability.
This nonlinear behavior in glass system as a function of composition is very dierent from a single modier oxide glass system. Many physical properties deliberate in mixed-alkali systems show initial nonlinear growth and subsequent reversal in trends, leading to maxima or minima as a function of modier fraction [1] . Due to the hygroscopic nature and precariousness of P 2 O 5 at elevated temperatures [3] EPR and optical absorption studies of TM ions in glasses helps us to predict the energy levels involved in the transitions and also to know the chemical and structural environments around the TM ion. Cadmium phosphate based glasses have been used as matrices for the growth of cadmium selenide quantum dots. A considerable work [46] had been carried out on spectroscopic investigations of TM doped phosphate glasses in our laboratory. Recently, EPR and optical studies on * corresponding author; e-mail: giridhar_nath@rediffmail.com cadmium borate glasses for mixed alkali eect was observed by Padmaja and Kistaiah [7] . In addition, several authors have reported mixed alkali eect (MAE) in borate glasses by theoretical and experimental investigations [8, 9] . Though [17, 18] and electrochemical, electronic and electro-optic devices [19, 20] .
The aim of the present study was to investigate mixed alkali eect by X-ray diraction, optical absorption and electron paramagnetic resonance measurements the lithium sodium cadmium phosphate glasses containing Fe 2 O 3 in order to establish the structural changes induced by iron oxide addition and to obtain information concerning microscopic structure of these glasses.
Experimental
Glasses of the system xLi 2 O + (20-x)Na 2 O + 20CdO + 59.5P 2 O 5 + 0.5Fe 2 O 3 (5 < x < 15) were prepared using chemicals of analar grade (99.9%). The prop- (761) erly weighed chemicals were crushed in agate mortar in order to form a homogeneous mixture. The mixture was rst sintered in porcelain crucible in an electric furnace at a temperature of 700 K and then melted at 1250 K for 1.5 h. The melt was poured on a pre heated brass plate and annealed at 550 K for 3 h in order to remove the thermal strain. The samples were labeled as LiNaCdP1 (x = 5), LiNaCdP2 (x = 10) and LiNaCdP3 (x = 15).
The samples were conrmed to be amorphous in nature by XRD studies. The XRD spectrum was recorded on PHILIPS XPERT PRO X-ray diraction system. EPR spectrum was recorded at room temperature on JES--FA series X band EPR spectrometer with 100 kHz eld modulations. The optical absorption spectra of the prepared samples were recorded at room temperature using JASCO (V-550) spectrophotometer in UV-VIS region. The densities for the prepared glasses were measured by using Archimedes principle, with xylene as an immer- Table I illustrates the variation of physical properties of the glasses studied in the present work. The optical dielectric constant P ∂t/∂p was calculated from the measured refractive index at 589.3 nm using the formula [26] :
, where ε is the dielectric constant. The molecular electronic polarizability factor (α e ) was determined using the formula [27] :
where n d is the refractive index at 589.3 nm and N is the Fe 3+ ion concentration. From the average molecular weight of the glass, the densities and total number of ions, the mean atomic volume (in g/cm 3 /atom) can be obtained.
Results and discussions
The amorphous nature of the prepared glass (LiNaCdP) was conrmed by recording powder X-ray diraction spectra for all the glasses at room temperature. The absence of the Bragg peaks conrms the amorphous nature of the prepared glasses and is shown in Fig. 1 . The evaluated physical properties for the present glass system are shown in Table I . Table II . In the present LiNaCdP glasses, because of the ionic radii of iron ions [37] , there is no such higher variation in g values with concentration variation of alkali content. From Table II it is also observed that when the lithium concentration increases the ironligand bonding covalency nature decreases to some extent. In particular for x = 10 sample, the covalence nature slightly decreases when compared to other glasses shows mixed alkali eect.
The optical absorption spectrum of 0.5 mol.% of Fe 2 O 3 in lithium sodium cadmium phosphate glass samples is shown in Fig. 3 . Fig. 3 . Optical absorption spectra of mixed alkali cadmium phosphate glasses. Table III . B varies with the variation of alkali content and shows mixed alkali eect at x = 10 (LiNaCdP2 glass). Thus it indicates that the nature of bonding in the present glass system is strictly covalent. Additionally, the lowering of symmetry is also observed in optical absorption spectra at higher concentration of lithium with increased hygroscopic nature. From the above studies, it is concluded that when the lithium concentration increases the ironligand bonding covalency nature decreases to some extent, for instance for x = 10 sample, the covalence nature slightly decreases when compared to other glasses and shows mixed alkali eect.
